INTRODUCTION
Across the globe, anthropogenic noise is increasing in intensity, duration and extent. This has implications for the conservation of many species, as ambient noise can mask acoustic cues used to avoid predators, find food and communicate. If animals living in noisy environments fail to respond to salient cues, such as alarm calls or sounds indicating the presence of prey or potential mates, these so-called missed detections could ultimately reduce survival or reproductive success [1] .
Individuals can reduce the risk of missed detections by lowering their threshold for response and becoming less selective about the cues to which they respond. This strategy should reduce missed detections, but it will inevitably increase the risk of false alarms, i.e. responding to incorrect or inappropriate cues [2] . Thus, ambient noise could force animals into a trade-off between accepting more missed detections or risking more false alarms. This trade-off can be a strong selective factor shaping animal signalling systems [2] .
Nestling birds are susceptible to both missed detections and false alarms. The frequency of missed detections (i.e. failing to beg when parents arrive) is relatively low, occurring on less than 20 per cent of parental visits [3] . This is presumably because the first nestling to beg when parents arrive at the nest is often most likely to be fed [4, 5] . Thus, a rapid response to the first sign of a parent's arrival, such as contact calls [6] and sounds made when it lands [7] increases the chance of a feeding. The 'hair trigger' response needed to ensure a feeding, however, also brings with it an increase in false alarms (i.e. begging in response to stimuli other than parents with food), with up to 50 per cent of begging responses to stimuli such as noises in the environment or the sounds of parents leaving the nest [3,7 -9] .
This susceptibility of nestlings to errors might make them particularly vulnerable to the masking effects of noise. Indeed, masking of parent-offspring communication is one proposed explanation for the decreased reproductive success of songbirds nesting near noise sources [10, 11] . Yet, the effect of noise on errors in parent-offspring communication has not been examined.
The goal of our study, therefore, was to determine whether the frequency of begging errors by nestling tree swallows (Tachycineta bicolor) increased in the presence of noise. We measured nestling begging, in the presence and absence of added noise, in response to the playback of: (i) a parent landing at the nest while giving a contact call known to stimulate begging ('parent-with-call'), (ii) the same sound of the parent landing, but without the call ('parent-without-call'), and (iii) a common grackle (Quiscalis versicolor), a nest predator [12] , landing on a nest-box ('predator'). We considered failing to beg in response to the parental landing sounds as a missed detection and begging in response to the predator landing sound as a false alarm [13] . We played the parent landing with and without the call because the latter should be a more ambiguous cue of a parent's arrival [3, 8] . Thus, an increase in response to this stimulus in the presence of noise would suggest that nestlings had lowered their threshold for response, which might help explain increases in false alarm rates, should they occur.
MATERIAL AND METHODS
This study was conducted between May and July 2009 in the Gaspereau Valley of Nova Scotia, Canada, on a population of box-nesting tree swallows. Detailed methods are provided in the electronic supplementary material.
When broods were 10-12 days old (mean + s.d.: 11 + 0.1), four nestlings from each of 24 broods were randomly divided into pairs, assigned to either a noise treatment (playback of white noise with a frequency range of 0-22 kHz and an amplitude of 65 dB SPL, C weighting), which raised sound levels surrounding the nestlings by 10 dB above background (see the electronic supplementary material), or a quiet treatment (no added noise) and placed in one of two unoccupied nest-boxes in the field. The nest-boxes were identical apart from the presence or absence of noise, which was swapped between the boxes with each successive trial. Noise ran continuously, beginning an hour before the trial and continuing until the trial was complete.
After the hour, one of the three stimulus sounds (see above) was played back every minute for 20 min, with all three stimuli presented, in random order, within every 3 min period. This yielded seven presentations of each stimulus sound per trial.
We ultimately excluded the first 3 min of each trial because nestlings did not respond to the parent-without-call or predator stimuli during that time. We arbitrarily divided the remaining time into two deprivation periods that reflected shorter (4-12 min; hereafter 'shorter deprivation') and longer (13-21 min; 'longer deprivation') periods of time without food and hence different hunger levels. We included deprivation period in our analyses because the frequency of both correct detections (responding to the parent's arrival) and false alarms increase with hunger [13] .
An observer viewed the video tapes and noted, after each sound was played, the number of nestlings that begged in each treatment (range 0-2), as a measure of the brood's strength of response. To test whether this response rate varied between noise and quiet treatments, and in relation to time without food, we used generalized estimating equations [14] . We first analysed responses to the parental stimuli, using a model that included stimulus (parent-with-call, parent-without-call), treatment (noise, quiet), deprivation period (shorter, longer) and their interaction as main effects, and trial (i.e. brood) as a repeated-measures subject. The second model was identical except that it tested responses to the predator stimulus only. figure 1c ).
RESULTS

DISCUSSION
The results of our study add to mounting evidence that the perception of acoustic signals is compromised by noise. In particular, our demonstration of an effect on young animals adds to evidence for similar effects in adults across a variety of taxa [1] . Nestlings exposed to noise were less likely to beg to playbacks of parents arriving at the nest than their unexposed counterparts. Nestlings in noise did not increase their response to ambiguous signals, such as parents arriving without calling, nor did they have higher frequencies of false alarms than nestlings in the quiet treatment.
The most obvious explanation for the increase in missed detections is that noise masks the sounds of the parent's arrival, making it difficult for nestlings to discriminate sounds produced by the parent from other irrelevant stimuli. Noise might also have alarmed or distracted nestlings [15] [16] [17] , and so decreased overall readiness to respond, but if that were the case, then nestlings in noise should have shown a decrease in response to all stimuli, and not only to the parental stimuli.
Noise did not increase response rate to relatively ambiguous signals of a parent's arrival or increase the frequency of false alarms. The low false alarm rate in the noise treatment is consistent with the failure of nestlings to compensate for missed detections by increasing their overall responsiveness. Nestlings might avoid increasing responsiveness because the cost of missing the parent's arrival may be small when compared with the cost of begging to a predator, even if the risk of doing so is relatively low. Conversely, in nature, nestlings might not need to increase their responsiveness, because various mitigating factors reduce the chance of missing feedings. For example, when nestlings fail to respond, parents might call to stimulate begging, as they do for unresponsive younger nestlings [6] . Also, visual or tactile cues could also signal parental arrivals.
The results of our study suggest that nestling birds in noisier environments could miss the arrival of their parents with food more often than nestlings in quieter environments. The consequences of this are not known, but could range from missed feedings to extended feeding visits, as parents attempt to stimulate unresponsive nestlings. In turn, longer feeding visits could reduce overall feeding rates or increase effort as parents try to compensate for lost feedings or time. Noise might also change sibling interactions, if larger nestlings that typically respond sooner either fail to beg or are slower to beg in noise, potentially allowing later begging nestlings a chance for a feeding.
In the only study of the long-term impacts of noise on nestling birds, neither feeding rates nor growth rates differed between tree swallow broods raised in noise and control nests without noise [18] . Thus, if missed detections did increase (which was not measured in the study of Leonard & Horn [18] ), they did not appear to affect growth rates. Instead, it may have been the parents, rather than the nestlings, that incurred costs, such as more calling and longer feeding visits, that may not be reflected in feeding rate per se.
Whatever long-term impact noise has on nestling passerines, it is likely to vary with age, being most severe for young nestlings, which must rely more on acoustic cues until their eyes open at about day five. Also, while we used white noise for the present experiment because it is easily controlled and characterized, the impact of noise is likely to vary with the structure and levels of noise exposure, particularly within the frequency range of relevant acoustic cues. We used relatively low noise levels in the current experiment (65 dB). Higher noise levels, such as those associated with average city traffic, would be expected to have a greater impact than documented here. Further study is clearly needed to determine how begging errors vary with different levels and types of noise, and on whether young animals and their parents can adapt to the potential impacts on their communication system.
